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INTRODUCTION

Quinoxaline polymers have been found to be exce]]ent‘adhesives for
use in the airplane industry, but they are still extremely expénsive. The
Materials Laboratory at Wright-Patterson Air Force Base haS arranged for us
to seek ways of making these more economica11y,'especia11y with the use of the
minimum amount of the tetraamine, which is the most expensive ingredient. We
have previously been able to improve the synthesis of the bisglyoxals needed
for these adhesives,! and are now seeking to obtain the oligomeric quinoxal-
ine polymers with acetylene end groups which we believe can be cured in place
to give good adhesives.

The general»method.of synthesis which have been developed is to

first condense the quinoxaline oligomer with glyoxal end groups.
2 @—CO—CO—AF—CO—CO—@ + NHz—Q—Q-NHz
@-ccmwx W—Ar-co-c

The oligomer is then condensed with a diaminobenzene derivative
which has a substituent in it which can be converted to an acetylene to ob-

tain the oligomer.
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Finally the X group in this oligomer is converted to an acetylene
end group by an appropriate method. Sometimes we have used'bromo—3,4—diamino-
benzene directly, and then have replaced the halogen atom in this group with

Hs
H‘CEC‘ﬁ?ﬁOH,
Hs

This group can be converted to the acetylene by loss of acetone. One of the
end-capping reagents, 4-(3-ethynylphenoxy)benzil was synthesized by the nucleo-
philic displacement of the nitro group of p-nitrobenzil by treatment with the

sodium 3-ethynylphenolate.

@co-cummo—@ + 2 N:::QQ;:SZ —

NH;M s "M s — ]

NHz Niq; :}"N He g Mi@o{sm
O OLOO OO T

II

Vv

EXPERIMENTAL

4-Nitrodiphenylacetylene. p-Bromonitrobenzene (20.20 g,v0.10 mol),

palladium diacetate (0.065 g), triphenylphosphine (1.301 g), copper iodide
(0.82 g), and triethylamine (60 m1) (in case of 1-ch1oro-4-nitro benzene as
starting material, diisopropylamine was used as solvent) were stirred at re-
flux temperature under nitrogen. Phenyl acetylene (20.43 g, 0.20 mol) was

added and rinsed down with triethylamine (10 m1). The reaction mixture was



stirred at reflux temperature for 24 hr. The reaction mixture was poured
into dilute HC1 solution. The solid product was washed successively with
water and methanol. After drying, the yieid of 4-nitrodiphenylacetylene
was 21.66 g (97%), m.p. 118-119% (14t.2, 119-120°C). 1In case of 1-chloro-
4-nitrobenzene as starting material, the yield of 4-nitrodiphenylacetylene
was 43%.

- 4-(3-Bromophenoxy )benzil. This compound was prepared from two

routes: (1) m-Bromophenol (9.51 g, 0.055 mol1), potassium carbonate (15.18 g;
0.11 mol), and methyl sulfoxide (DMSO, 100 m1) were stirred at 100°C under
nitrogen. p-Nitrobenzil (12.75 g, 0.05 mol) was dissolved in 150 m1 of DMSO
ahd this solution was added into it. The resulting mixture was stirred for

2 days at 100QC under nitrogen. DMSO was distilled in high vacuum and the
mixture was poured into the separate funnels -- 750 m1 of water, 300 ml of
ether, and 120 g of sodium chloride. After separation of the organic layer,
the aqueous layer was extracted with ether (3 x 50 m1). Ether layers were
combined, and washed with 5% KOH (600 m1) and 10% NH,C1 (600 m1). The re-
sulting solution was dried over MgSO,. After evaporation of ether, the
crude was purified by column chromatography (silica gel, 40-140 Mesh, benzene
as eluent). Pure 4-(3-bromophenoxy)benzil (16.21 g, 85.1%) was obtained as a
pale yellow solid, m.p. 69-71°C.

NMR (CDC15), & 6.70-8.02 (m, 13H)

Anal. Calcd. for C,oHisBr0s: C, 63.03; H, 3.41; Br, 20.97

Found: - . C, 62.88; H, 3.50; Br, 20.83.

(2) (4-Phenylethyny1-3'~bromo)diphenyl ether (6.98 g, 0.02 ﬁo]) wés dissolved
in 150 m1 of methylene chloride. The flask was suspended in an 0il bath main-
tained at 45°C. Adogen-464 (0.52 g) was added, along with glacial acetic acid
(5 m1). Potassium permanganate (4.74 g, 0.03 mol) was added through the




condenser and rinsed down with 150 m1 of water. The reaction mixture was
refluxed for 24 hr and worked up as described before for the preparation

of 1,4-bis(phenylglyoxaloyl)benzene.! The crudé solid was refluxed in
methanol. After cooling, the precipitate was removed by filtration. After
evaporation of the supernétant, the crude was purified from column chromato-
graphy (silica gel, 40-140 Mesh, benzene as eluent) to afford 2.36 g (31.0%)
of pure material, m.p. 69-72°C.

NMR spectra and TLC positfon were well agreed with the compound prepared
from another route (1).

(4-Phenylethyny1-3'-bromo)diphenyl ether. 4-Nitrodiphenylacetylene

(4.46 g, 0.02 mol), m-bromophenol (3.46 g, 0.02 mol), and potassium carbon-
ate (anhydrous granular, 13.82 g, 0.10 mol) were mixed with DMSO (40 m1).
This reaction mixture was.stirred at 80°C o1 bath for 30 hr under nitrogen.
The resulting mixture was cooled to room temperature and then added to a mix-
ture of 10% HC1 (800 m1) and chloroform (200 m1). The organic layer was ex-
tracted with six successive 50 m1 portions of dilute HC1 (to remove all of
| DMSO), and washed with water, 5% KOH (800 m1) and 10% NH,C1 (600 m1). The
resu]ting solution was dried over MgSO,. After evaporation of chloroform,
the fi]tréte was recrystallized from benzene-methanol to yield 6.05 g (86.6%)
of pure (4-phenylethynyl-3'-bromo)diphenyl ether, m.p. 133.5-134.5°C.
NMR (CDC13) & 6.70-8.20 (m, aromatic-H) |
Anal. Caled. for CaoHi1sBr0: C, 68.78; H, 3.76; Br, 22.88
Found: - C, 67.96; H, 3.91; Br, 22.96.

Acetone adduct of 4-(3-ethynylphenoxy)benzil (EPB). 4-(3-Bromo-

phenoxy)benzil (12.0 g, 31.5 mmol), palladium diacetate (0.0204 g), triphenyl-
phosphine (0.408 g), copper iodide (0.082 g), and dry triethylamine (500 m1)

were stirred at reflux temperature under nitrogen. 2-Methyl-3-butyn-2-o01



(5.30 g, 63.1 mmol) was added through the condenser and rinsed down with

~additional 10 m1 of triethyl amine. The reaction mixture was stirred at

| reflux temperature for 18 hr under nitrogen. After cooling to room tem-

perature, the reaction mixture was poured into a mixture of chloroform

(400 m1) and 5% HC1 (400 m1). After separation of the organic layer, the

chloroform was removed by evaporation. The crude was dissolved in ether

(200 m1), and washed with 5% HC1 (600 m1), water (200 m1 x 3), and satura-

ted NaCl (600 m1). This solution was dried over MgSO,. After evaporation

of the ether, the crude was purified by column chromatography (silica gel

40-140 Mesh, benzene as eluent). Pure acetone adduct of EPB (12.10 g;

94.0%) was obtained as a pale yellow solid; m.p. 70-72°C.

NMR (CDC13), &6 1.73 (d, 6H), 2.20 (s, 1H), 7.0-8.5 (m, 13H)

Anal. Calcd. for CpsHao04: C, 78.14; H, 5.20

Found: | C, 77.89; H, 5.19. _
(3,4'Dibromo)diphenyl ether. (1) Sodium hydroxide (1.96 g, 0.049

mol) was dissolved in 30 m1 of methanol in 200 m1 flask equipped with a
mechanical stirrer under nitrogen. m-Bromophenol (8.65 g, 0.050 mol) and
dry benzene (50 m1) were added and the mixture was ref]uxed for 1 hr. The
solvent was removed by distillation. When the phenolate salt was cooled,
p-dibromobenzene (16.52 g, 0.070 mo1) and pyridine (50 ml) was added and
dissolved completely. Next, copper jodide (3.81 g) was added and the mix-
ture was stirred at reflux temperature for 16 hr. The resulting mixture was
poured into ice water Containing HC1 and extracted with chloroform. Organic
layer was washed with 5% NaOH and saturated NH,C1. After>evaporation of the
chloroform, the distillation in vacuovgave 9.18 g (56.0%) of pure material,

a pale yellow Tiquid, b.p. 140°C (0.2 mm Hg).




NMR (CDC13), 6 7.0-7.6 (m, aromatic-H)

Anal. Calcd. for Cy.HeBr20: C, 43.94; H, 2.46; Br, 48.72

Found: | C, 42.96; H, 2.48; Br, 47.99.

C!3 NMR also supported this structure.

(2) Potassium hydroxide (2.81 g, 0.05 mo1) was poured into 200 ml flask
equipped with a mechanical stirrer under nitrogen. m-Bromophenol (8.65 ¢,
0.05 mol) in 10 ml of toluene was added into‘it, and the mixture was stirred
at 100-115°C for 2 hr until all of the water was removed. p-Dibromobenzene
(16,52 g, 0.070 mo1), copper iodide (2.38 g), and diglyme (30 m1) were
added, and the reaction mixture was stirred at reflux temperature for 24 hr.
The resulting mixture was poured into ice water. The aqueous layer was ex-
tracted with chloroform. Organic layer was washed with 5% NaOH and saturated
NH,C1. The disfil1ation in vacuo gave 17.6% yield of pure material.

- (3-Phenylethynyl-4'-bromo)diphenyl ether. (3,4'-Dibromo)diphenyl

ether (8.20 g, 0.025 mo1), palladium diacetate (0.0163 g), triphenylphosphine
(0.325 g), copper iodide (0.065 g), and triethylamine (40 ml) were stirred at
reflux temperature under nitrogen. Phenylacetylene (2.55 g, 0.025 mol1) was
added through the condenser.and rinsed down with additional 10 ml of triethyl-
amine. The mixture was stirred at reflux temperature for 16 hr under nftrogen.
The reaction mixture was‘pouréd into a mixture of chloroform (200 m1) and 5%
HC1 (800.m1). The organic layer was washed with water and saturated NaC1;
This solution was dried over MgS0,. After evaporation of chloroform, the
crude was purified by column chromatography (si]iéa gel 40-140 Mesh, benzene
as eluent). Pure (3-phenylethynyl-4'-bromo)diphenyl ether was obtained aé a
yellow gum, 8.15 g (93.4%).

NMR (CDC1s) & 6.90-7.61 (m, Aromatic-H).




Anal. Calcd. for C20H138r0: ¢, 68.78; H, 3.76; Br, 22.88
Found: c, 67.63; H, 4.07; Br, 23.93,

TLC spot was different from (4-phenylethynyl-3'-bromo)diphenyl ether.
3-(4-Bromophenoxy)benzil. (3-Phenylethyny1-4'-bromo)dipheny]

ether (6.98 g, 0.02 mol1) was dissolved in 150 m1 of methylene chloride.

The flask was suspended in a 45%C 0i1 bath. Adogen-464 (0.52‘9) was

added, along with glacial acetic acid (5.0 m1). Potassium permanganate
(4.74 g, 0.03 mol1) was added through the condenser and rinsed down with
water (150 m1). The reaction mixture was stirred at 45°C oil bath for 16
hr. -After cooling to room temperature, the excess potassium permanganate
was reduced by adding solid sodium bisulfite. The solution was acidified
with concentrated HC1 (5 m1), and precipitated manganese dioxide was dis-
solved by addition of concentrated sodium bisulfite solution. .The organic
layer was washed with concentrated sodium bicarbonate solution and dried
over MgSO,. After evaporation of methylene chloride’, the crude was purified
by column chromatography (silica gel 40-140 Mesh, benzene as eluent). Pure
3-(4-bromophenoxy)benzil, 6.92 g (90.8%), was obtained as a yellow liquid.
NMR (CDC13) 6 6.70-8.02 (m, Aromatic-H).

Anal. Calcd. for CpoH13Br0s: C, 63.03; H, 3.41; Br, 20.97

Found: : C, 62.10; H, 3.75; Br, 21.31.

TLC spot was different to 4-(3-bromophenoxy)benzil.

Acetone adduct of acetylene terminated quinoxaline oligomer. The

various structures prepared are shown in Figure 1.

REORO SO ey acIonoR O
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0ligomer R

ABATQ - 1- <o)
ABATQ - 2
ABATQ - 3 @ 0 @

FIGURE I. Structures of ABATQ series oligomers

General Preparation

3,3'-Diaminobenzidine (8.0 mmol) was‘dissolved in m-cresol (10%
solution) in 200 m1 flask equipped with a mechanical stirrer. The flask
was suspended in a 90-100°C 0i1 bath under nitrogen. The 10% m-cresol solu-
tion of bis-benzil (4.0 mmol) was added into it and the reaction mixture was
stirred for 2 hr at 90-100°C (bath) under nitrogen.

Then, the solution of acetone adduct of EPB (8.8 mmol) in chloro-
form was added. After removal of the solvent by distillation, the reaction
mixture was heated for 2 hr at 90—100°C, and poured into a solution of 10%
sodium hydroxide (sufficient quantity to neutralize the m-creso]) in methanol.
The purification was accompanied by four reprecipitations from tetrahydro-
furan and methanol. The characterization of sbme prepared oligomers was
shown as follows:

ABATQ - 1, 97.3% yield.
NMR (CDC1s) & 1.73 (d, 5H) [6M], 2.60 (s, 1H) [1H], 7.0-8.5 (m, 29H)
| [26.5H] : the theoretical value was shown in [].
Anal. Calcd. for CosHesNeOy: C, 82.59; H, 4.80; N, 8.03
Found: C, 81.13; H, 4.72; N, 9.66




ABATQ - 2, 100% yield. |
NMR (CDCTs), & 1.73 (d, 6H) [6H], 2.20 (s, WH) [1H], 7.0-8.5 (m, 32H)
[29H].
Anal. Calcd. for CrozHyiNeOy: C, 83.22; H, 4.82; N, 7.61
Found: | C, 79.84; H, 4.63; N, 8.65
ABATQ - 3,  100% yield.
NMR (CDC1s), & 1.73 (d, 6H) [6H], 2.20 (s, 1H) [1H], 7.0-8.5 (m, 31H)

[29H] .
Anal. Calcd. for CiooM7iNeOs: C, 82.32; H, 4.77; N, 7.53
Found: | ¢, 80.06; H, 4.33; N, 7.60

Acetylene terminated quinoxaline oligomer. The various struétures

HCEm ;: CECH
' ATQ

01igomer R

©r
ATQ - 3 ;<:,> 0 <:’.

FIGURE 2. Structures of ATQ series oligomers




General Prebaration

Acetone adduct of acetylene terminated quinoxaline oligomer

(ABATQ series, 4.80 g) and sodium hydroxide (2.0 g) wefe'mixea with 1,4-
dioxane (70 m1). The reaction mixture was refluxed for 20 hr. The result-
ing mixture was poured into 400 m1 of methanol. Aftef filtration of pre-
cipitate, the purification was accomplished by three reprecipitations from
tetrahydrofuran and méthanol; The characterization of some prepared oli-
gomers was shown as follows:
ATQ -1

NMR (CDC15), 6 3.0 (s, 1H) [IH], 7.0-8.5 (m, 34H) [26.5H]

Anal. Calcd. for CngssNaOz: C, 84.45; H, 4.30; N, 8.76

Found: - C, 82.45; H, 4.47; N, 9.84
ATQ - 2 | | S |
NMR (CDC13), & 3.0 (s, 1H) [1H], 7.0-8.5 (m, 32H) [29H]

Anal. Calcd. for CogHsgNgO,: C, 85.02; H, 4.35; N, 8.27

Found: C, 81.04; H, 4.24; N, 8.93
ATQ - 3 |

NMR (CDC1s), 6 3.0 (s, 1H) [1H], 7.0-8.5 (m, 32H) [29H]

Anal. Caled. for CogHssNeOs:- C, 84.03; H, 4.30; N, 8.17

Found: C, 78.58; H, 4.13; N, 8.25.

Synthesis of 4-(3-bromophenoxy)benzil. H. M. Relles et al.

have reported the new method of bis benzils prepared by nucleophilic
aromatic nitro displacement reaction.® In this work, 4-(3-bromophenoxy)-
benzil was prepared by using the same method in aprotic solvent. Table

I shows the reaction conditions and results. In these reaction conditions,

a relatively rapid nitro displacement reaction proceeded to give the benzil

10



in very high yield. Elemental analysis, infrared specfra, and observed
13C.NMR chemical shifts were agreed well with the structure of this com-
pound. This m-bromo compound had lower m.p. than the p-bromo one (3-(4-

bromophenoxy )benzil).

ozn—@g—m + ¢sP=CHo OzN—@-Br' ozn-@m

0O} T+ I $C=CH J
, EtsN J/ dijsopropylamine

B”ﬂj—d) .‘__KMnIL,_____—-Br =C—¢
HC%C .fMe
OH
Me |

SCHEME I

11




O @ S D@

gggxl) 4C=CH
Cul
ﬁﬁ
¢C-C $C=C .
SCHEME 11
TABLE I
Synthesis result of 4-(3-bromophenoxy)benzil
Exp. Solvent Temp. (°C) Time (hr)  Yield (%)
BB - 1 | DMSO 100 48 85.1
BB - 2 | DMSO 120 24 | 53.5
BB - 3 oM | 120 30 61.9
BB - 4 DMF 25 72 91.3

m-bromophenol (0.055 mo1), p-nitrobenzil (0.05 mol), and K,CO5; (0.11

mol) in aprotic solvent (250 m1) under nitrogen.

Synthesis of 3-(4-bromophenoxy)benzil. At first, we had an in-

tention in which 3-(4-bromophenoxy)benzil was synthesiied from another route
by using (3,4'-dibromo)diphenyl ether as an intermediate (see Scheme II).
However, (3-phenylethynyl-4'-bromo)diphenyl ether was obtained predominantly
in the reaction of phenylacetylene with (3,4'-dibromo)dibheny1 ether. It

12



- was shown from this phenylacetylation that m-bromine group had higher re-
activity than p-bromine group. 3-(4-Bromophenoxy)benzil was prepared
almost quantitatively by the oxidation reaction of (3-phenylethynyl-4'-
bromo)diphgny] ether. TLC spot of this compound showed the different posi-
tion to that of 4-(3-bromophenoxy)benzil. Elemental analysis and infrared
~ spectra were agreed well with the structure of this compound.

Synthesis of 4-nitrodiphenylacetylene. Since H. A. Dieck and

F. R. Heck reported palladium catalyzed synthesis of aryl, heterocyclic,
or vinylic acetylene derivatives,* this reaction has made use of a good
method for benzils by oxidizing arylacetylenes.? Pheny]acety]ation of 1-
bromo-4-nitrobenzene in triethylamine gave a high yié]d of pure 4-nitro-
diphenylacetylene. However, this reaction has not almost occurred in tri-
ethylamine in the case of 1-chloro-4-nitrobenzene. The alkyl acetylene
was considered to be more reactive when more basic secondary amines were .
employed rather than triethylamine. As a result, phenylacetylation from
1-chloro-4-nitrobenzene in diisopropylamine gave 43% yield of pure matéria]

(see Scheme I).

'Synthesis of acetone adduct of EPB and its hydrolytic displacement
of acetone. This compound was oStained in high yield by using same method
as synthesis of 4-nitrodiphenylacetylene. An attractive method® reported
in 1979 involved the reaction of an aryl bromide with 2-methyl-3-butyn-2-01
using dich]oro—bis(triphenylphoSphine)pal1adium/cuprou$ jodide catalyst
followed by'ciéavage of the intermédiate with sodium'hydrbxide. This ro&té,
however, was inappropriate fb prepare'fhé desired ethyhy] a-diketdnes since

a-diketones undergo c]eavage;and reérrangement ih the presence of a strong

13




base. A variation of this route employed the use of trimethylsilyl acetyl-
ene instead of 2-methyl-3-butyn-2-01. The trimethylsilyl group can be cleaved
from the intermediate with a weak base without harming the a-diketone. In
this work, we tried other.bases, but potassium t-butoxide and Tithium t-
butoxide gave unsatisfactory results.

Synthesis of acetone adduct of acetylene terminated quinoxaline

oligomer and its hydro]ytic displacement of acetone.

AL, L
| |

Me—é—C.C ‘:,I {:'>!—C—¢

>
=

*i“ :

SCHEME III

Every formation reaction (Scheme III) of quinoxaline oligomers occurred
quantitatively. The observed intensities of 'H-NMR peaks agreed
well with the structures of these oligomers. Infrared spectra showed the

characteristic absorptions of vy of methy (2985 cm™!) and Vese (2200 cm™ )

14



in addition to the disappearance of vq_, {1730 dm™*). A11 the oligomers pre-

pared were soluble (about 20%) in organic solvents such as methylene chloride,
chloroform, 1,4-dioxane, tetrahydrofuran, and DMF. |
Next, we tried to examine the hydrd]ytic displacement 6f écetone of

these oligomers (Scheme 1V).

[ Me |
Me—ci;c;.c, . }' . / ' ' t |_p  _base >
L ¢ ¢

2

HC.=.CCsCH |

SCHEME 1V

Table II shows the reaction conditions and results for some acetone adduct:
of acetylene terminated quinoxaline oligomers. Conversion of the secondaky
acetylenes to primary acetylenes was carried out effectively by hydrolytic
displacement of acetone with sodium hydroxide in dioxane or DMF in compari-
son with chloroform and THF as solvents. These solvents have relatively

high boiling points and dissolve some amount of quinoxaline oligomer. 'H-NMR
spectra of these oligomers showed the peak of acetylene proton (—C=CH) at'

§ 3.0 position, and peaks of —CH; and —OH disappeared. Infrared spectra
showed the characteristic absorption of v,_n, (3290 cm'l). The observed
intensities of the peaks in the 1H-NMR spectra agreed with the structures

of these oligomers.

15




TABLE II

“Summary of Hydrolytic Displacement of Acetone of Some 0ligomers

Starting Reactign Time Degree* of Hydrolytic :

Material Solvent Temp. (°C) (hr) ~ Displacement of Acetone (%)
 dioxane 101 4 100
ABATQ - 1 DMF 100 4 , 100
CHC1, 61 16 —
dioxane 101 5 100
ABATQ - 2 DMF 100 4-16 - 55-100
dioxane 101 12 100
ABATQ - 3 DMF 100 5 ' 95
THF 66 5 85

ABATQ, 4.80 g; NaOH, 2.0 g; solvent, 70 mI

*Calculated from the intensity of proton peaks in 'H-NMR spectra. .

Acetone adduct of 3-(4-ethynylphenoxy)benzil. 3-(4-Bromophenoxy)-

benzil (6.00 g, 15.7 mmol), 2-methyl-3-butyn-2-01 (2.65 g, 31.5 mmol), palladium
diacetate (0.010 g), triphenylphosphine (0.204 g), copper iodide (0.041 g), and
triethylamine (60 m1) were stirred at reflux‘temperature for 16 hr under
nitrogén.

After cooling to room temperature, the resulting mixture was poured
into a mixture of chloroform (400 m1) and 10% HC1 (500 ml1). After separation
of organic layer, chloroform was removed by evaporation. The crude was dis-
solved in 200 m1 of ether and washed with 5% HC1 (600 m1), water (200 m1 x 3),
and saturated NaCl (600 m1). After evaporating of ether, the crude was pur-
ified by column chromatography (silica gel 40-140 Mesh, benzene as eluent).
Pure material (4.68 g, 77.6%) was obtained as a dark gum.

'H-NMR (CDC1,) 6§ 1.17 (d, 6H), 2.0 (s, 1H), 6.8-8.0 (m, 13H)
Anal. Calcd. for CasH2004: C, 78.14; H, 5.20
Found: C. 78.02; H, 5.33
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The preparation methods of model compounds (acetylene terminated quinoxal-
ines) are shown in Scheme V. | '

Model compounds Ia and Ib. 3,3'-Diaminobenzidine (0.857 g, 4

mmo1) was dissolved in 42 m1 of m-cresol. The solution of acetone adduct
of 4-(3-ethynylphenoxy)benzil (or 3-(4-ethynylphenoxy)benzil) in chloroform
(10 m1) was added into itvand chloroform was removed by distillation. The
resulting mixture was stirred at 90-100°C in an oi1 bath for 16 hr under
nitrogen. Then, the mixthfe was’preéipitated into a so]utfon of 10% NaOH
(26 g) 1n'methan§1. The pur1f1cat1on was carr1ed out by two prec1p1tat1ons
from tetrahydrofukan and methano]. The yield was almost quant1tat1ve (green

solid).

2 Me—é-c—c‘ . _E 2 Me‘é—c C_@_O_@LC—W

L |

m-c}es§1 | HzNHz
/ | .HzN‘ - NH,
Me—%}sc B M%}EC‘@@‘@;Z
¢ 2

Ia Ib NaOH
NaOH 3
Dioxane D]oxane
, A\ g
HC=C Ok ® He=c<(0 )-0 O]

5 N &

2 2

Ila A IIb
SCHEME V
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Model compounds Ila and IIb. Ia or Ib (1.00 g) and sodium

hydroxide (0.6 g) were mixed with 70 ml of 1,4-dioxane. The mixture

was refluxed for 24 hr. Then, this solution was poured into methano1.

The purification was carried out by two precipitations from tegrahydro-

furan and methanol.

Characterization of Model Compounds

TABLE III

Intensity of

Elemental Analysis

Compound Formula 1H-NMR (CDC1;) peaks C N N (%)
ArH OH CH3;
Ia § 6.7-8.6 2.2 1.6 79.38 4,85 5.98
Co2Hu 6N, O, 20.1 1 6.0
Ib 21.7 1 5.5 77.11 4,93 7.53
( 16 1 6 (81.73 5.10 6.15)
ArH  C=CH | |
Ila 5§ 6.7-8.6 3.1 74.02 4.09 6.24
CseH3uN,O2 18 1
IIb 25 75.15 4.21 7.62
( 16 1 (84.60 4,32 7.05)

Theoretical values are shown in parenthesis.

Acetylene terminated quinoxaline oligomer.

the oligomer is shown in Scheme VI.
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SCHEME VI

Oligomer III. 3,3'-Diaminobenzidine (0.857 g, 4.0 mmol) was dis-

solved in 20 m1 of m-cresol in 100 m1 flask equipped with a mechanical stirrer.
The flask was suspended in a 90-100°C 01 bath under nitrogen. The solution
of 4,4'-bis(phenylglyoxaloyl)diphenyl ether (0.868 g, 2.0 mmol) in m-cresol

(15 m1) was added into it, and the reaction mixture was stirred for 6 hr in a
90-100°C 01 bath under nitrogen.‘ Then, the solution of écetone adduct of 3-
(4-ethynylphenoxy)benzil in chloroform (10 ml) was added. The chloroform was
removed by distillation, and the reaction mixture was heated for 6 hr at 90-
100°C followed by precipitation into a solution of 10% sodium hydroxide
(sufficient quantity to neutralize the m-cresol) in methanol. Purification

was accomplished by two precipitations from tetrahydrofuran and methanol.
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Oligomer IV. Oligomer III (2.0 g) and sodium hydroxide (0.85 g)
were mixed with 40 ml of dioxane in 100 m1 flask equippéd Qith'a magnetic
stirrer. The reaction mixture was refluxed for 24 hr. The mixture was
poured into methanol and filtered. Purification was accomplished by two

reprecipitations from tetrahydrofuran and methanol.

TABLE 1V

‘Characterizatibn of 0ligomers

Intensity of Elemental Analysis
Oligomer Formula 'H-NMR (CDC1;) peaks C H N (%)
| : ArH OH CHs; |
11 CiooH71NsOs ) ﬁégrS.G 42.$ 1.2 76.39 4.21  9.13
( 29 1T 6)(82.32 4.77 7.53)
ArH R ~C=CH
v CocHsoNa0s ) Gé?-B.G 3.} 78{00 3.59 8.18
( 29 1)K84.03 4.30 8.17

Theoretical values are shown in parenthesis.

The preparation method of 4-phenylglyoxaloylphenyl sulfide is shown

in Scheme VII. | |
| <C:j>4F<:::>. —9%¥%%%91—4;> ¢CH2CO;<::>FS—<::>FCOCH2¢ Se0; <
! 3

Lol

SCHEME VII
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p-Phenacetylphenyl sulfide. This compound was prepared according

to known procedures.7 To a stirred mixture of anhydrous aluminum chloride
(32 g, 0.24 mol) and carbon disulfide (100 ml) cooled by an ice bath was
added a mixtdre of phenyl sulfide (18.6 g, 0.10 mol) and phenylacetyl chlor-
ide (32.0 m1, 0.24 mol) over 1 hr. The reaction mixture was stirred for 1 |
additional hour at room temperature, and was then ref]uxed for 1.5 hr. The
carbon disulfide was distilled from the mixture, and the remaining solid was
washed with ice water containing HC1 (50 g). The filtrate was dissolved in
400 m1 of hot chlorobenzene. Filtering the cooled solution, slurrying the
collected crystals with pentane, filtering again, and drying gave a c¢rude
product.  The crude was recrystallized from pyridine to afford 32.9 g (77.8%)
of pure material as white solid, m.p. 194-195°C (1it. 198.5-199.5%C7 and
194-196°C8). |
'H-NMR (DMSO0-ds ) s 4.4 (s, 4H), 7.3-8.2 (m, 18H)
‘4-Phenylglyoxaloylphenyl sulfide. p-Phenacetylphenyl sulfide

(16.92 g, 0.04 mo1), selenium dioxide (15.54 g, 0.14 mol), and acetic an-
hydride (400 m1) were refluxed for 5 hr. After cooling to“room temperature,
the selenium metal was filtered off and the precipitate was washed with a
few m1 of acetic anhydride. The ffltrate was stirred with 400 ml of warm
water. Upon coo]ing, a solid was separated and purified by column chromato-
graphy (alumina, benzene as eluent). After Concentration of the eluate to
75 m1 followed by cooling in ice water, pentane (150 m1) was added into this
solution. After filtration, the crude was recrystallized from hexane to
afford 9.14 g (51.2%) of pure material as dark crystal. m.p. 81-83°C (1it.”
90.0-91.6°C).

The preparation method of 4,4'-bis(phenylglyoxaloylphenoxy)diphenyt

sulfide is shown in Scheme VIII.
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4,4'-Bis(phenylethynylphenoxy)diphenyl sulfide. 4,4'-Thiodiphenol

(3.27 g, 0.015 mol1), 4-nitrodiphenylacetylene (6.70 g, 0.030 mol), and potassium
carbonate (anhydrous granular 10.33 g, 0.075 mol) were mixed with 35.m1 of DMSO.
This reaction mixture was stirred inan80°C 0i1 bath for 30 hr under nitrogen.
After cooling to room temperature, the resulting mixture was poured into a mix-
ture of chloroform (200 m1) and 10% HC1 (800 ml1).. The organic layer was ex-
tracted with six successive 50 m1 portions of dilute HC1, and washed withwater,
5% KOH (800 m1) and 10% NH,C1 (600 m1). The resulting solution was dried over
MgSO,. After evaporation of the chloroform, the crude was purified by column
chromatography (silica gel, 40-140 Mesh, methy]ene chioride as e]uent). Pure
compound (6.63 g, 77.5%) was obtained as a yellow solid; m.p. 85.5-88°C.
4,4'-Bis(phenylglyoxaloylphenoxy)diphenyl sulfide. 4,4'-Bis(pheny1-

ethynylphenoxy)diphenyl sulfide (5,71 g, 0.01 mol) was dissolved in 100 m1 of
methylene chloride. The flask was suspended in an oil bath maintained at 459¢.
Adogen-464 (0.68 g) was added along with glacial acetic acid (6.68 ml).
Potassium permanganate (6.32 g, 0.04 mo])vwas added through the condenser and
rinsed down with 100 m1 of water. The reaction mixture was refluxed for 18 hr
and worked up as described before for preparation of 1,4-bis(phenylglyoxaloyl)-
benzene.! The crude solid was purified by column chromatography (silica gel,
40-140 Mesh, benzene as eluent). Pure material (4.50 g, 71.0%) was obtained
as.an orange gum. , ‘

We tried to prepare 4,4'-bis(pheny]g]yoxa]oy1)pheny] sulfone from
Scheme IX.
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SCHEME IX

4,4'-Sulfonyldibenzoic acid. 4,4'-Sulfonylbis(methylbenzoate)

(42.8 g, 0.128 moT) was mixed with hot ethanol (600 ml1) and tetrahydrofuran
(200 m1). Potassium hydroxide (40 g) was added carefu11y, and the solution
was refluxed for 24 hr.

After cooling to room temperature, thé solid was collected by fil-
tration and dissolved in-water. Hydrochloric acid was added until the solu-
tion was acidic. The précipitate was collected by filtration. The crude
was recrystallized from ethanol-tetrahydrofuran to afford 29.8 g (76.1%) of
pure material as white solid; m.p. 375-378°C (1it.° 370-372°C).

Diphenyl sulfone-4,4'-dicarbonyl dichloride. 4,4'-Sulfonyldibenzoic

acid (13.48 g, 44 mmol) was added to dry benzene (210 m1) and pyridine (21 m1)
in a flask equipped With a mechanical stirref. Oxalyl chloride (98 ml1, 1.12
mo1) waé.added s]owly:and very carefui]y. The mixture was stirred for 1 hr
under nitrogen at room temperature. Thé temperature was then raijsed to 76-
78°C for 6 hr. After cooling to room temperature, the so]ution was filtered
and all vo]ati]es removed by evaporation. The residue‘was a]ﬁost nothing.

Final compound could not be obtained under this reaction condition.
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Bis-Benzils v
4,4‘-Bis(phenylgTyoxaloylphehoxy)dipheny] sulffde showed Tower
melting point (gum) in comparison with 4-phenylglyoxaloylphenyl sulfide,
because of having ether bond in mo]ecu]e 4 4'-B1s(phenylglyoxaloy1)
pheny] su]fone could not be prepared from Scheme IX. w. Wrasidlo, et al.!?

prepared this compound from the following scheme:

HOzCCH2—<::>F%f<::>FCH co,H —0CT2  ¢e0 CH2—<::>»ﬁ H2c0c1
AlQlé...{;, « ~Se0;_ . 9 ? - R
AlCEs ¢COCH2—.—§-@-C - Selz 5, ¢-c-c o

SCHEME X

Another route is considered to prepare 4,4'-bis(phenylglyoxaloyl)-
phenyl sulfone. This is to say, p-phenacetylphenyl sulfone is prepéred from
the reaction of phenyl sulfone with phenylacetyl chloride under aluminum
chloride as a catalyst. Next, the oxidation of p-phenacetylphenyl sulfone

is carried out by using selenium dioxide as oxidizing agent.

Mode! Compounds and Oligomer

Acetohe'adduct of aéety]ene-terminated quinoxaline mode1 compounds
(Ia and IIa) and eligomer (I111) were obtained almost quantitatively. Infrared
spectra of these materials showed the characteristic absorpt1ons at 3050 cm™ !
(vOH) and 2985 om? ®CH of methyl). On the other hand the ‘absorption of Ve=0
(1730 cm™ 1) d1sappeared in chart. Data of 'H-NMR and elemental ana1ys1s also
supported these structures. |

‘After hydrd]ytic diéplacement of acetene with‘soaium hydroxide %n

1,4-dioxane, infrared spectra of model compounds (IB and 1Ib) and oligomer
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(1V) showed the characteristic absorption at 3290 cm™?! (vCECH)' Proton

signals of OH (& 2.2) and CHs (& 1.6) disappeared in *H-NMR spectra.

The thermal behavior of acetylene-terminated quinoxaline model

compounds and oligomers was studied by differential scanning calorimetry

(DSC). The thermal properties of model compound (Ila) and oligomer BATQ-0*

was reported in a previous paper.!?

*BATQ-0 |
WOR40Ice
N N
¢ .
TABLE V
Characterization of Model Compounds and 01igomers
Compound No. Structure Tg*
I1a HC=C @ 0 @ @ 119%
. e (19t. 120-130%
2
IIb 82°%
BATQ-0 1711%
IV 1319

*Determined by DSC at 10°¢ per min. under nitrogen
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Preparation of m-bis{phenylethynyl-m-phenoxy)benzene. A mixture

of m-bis(bromo-m-phenoxy)benzene (5.69 g, 13.5 mmoj),12 tfiphehy] phosphine
(273 mg), copper iodide (55 mg), ahd palladium acetate (14 mg) in dry tri-
ethylamine (50 m1) was stirked and heated at 100°C (bath).‘ Aftek‘lo min,
phenylacetylene (2.77 g, 27.1 ﬁmol) was added through the condenser. Phenyl-
acetylene Was rinsed into the reactfon mixture with triethy1amine (5 m1) and
the reaction mixture was refluxed overnight (15 hr). After cooling to room
temperature, the suspension was filtered and the so]id was washed thofbugh]y
with anhydrous ether. Filtrate and Qashings were combined and concentrated
using rotavapor. Water (106 m1) was added to the residue. Extraction with
ether was carried out (3 x 50 m1). The combined ether extracts were washed
with water and brine, and dried over anhydrous sodium su]fate. Removal of
ether gave a viscous residue which slowly solidified to pale yellow mass

(6 g). TLC examination showed several spofs consisting, howeVér, of one
major component. As purification by column chromatography was not possible,
this product was used directly in the next step.

Potassium permanganate oxidation of m-bis(phenylethynyl-m-phenoxy)-

benzene to the corresponding bis benzil. m-Bis(phenylethynyl-m-phenoxy)-

benzene (6 g, 13.0 mmol) was dissolved in dichloromethane (200 m1), and trans-
ferred to a 500 m1 three-necked flask equipped with a mechanical stirrer. The
flask was surrounded by an oil bath maintained at 45°C. Adogen-464 (1.44 g)
was added followed by glacial acetic acid (15 m1). Potassium permanganate
(10.3 g, 6.5 mmol) was added through the condenser and rinsed down with water
(140 m1). The mixture was refluxed for 6 hr with vigorous stirring.

After cooling, excess permanganate was reduced by cautiously adding
solid sodium bisulfite. When the purple color was discharged, the reaction

mixture was acidified with conc. hydrochloric acid. Organic 1éyer was separated
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and aqueous phdse was extracted once with d1chloromethane (50 ml). The
combined organic layer was washed w1th saturated aqueous sod1um b1carbon-
ate and with water. After drying over anhydrous sodium su]fate, d1ch10ro-
methane wds removed under reduced presSure fo give a viscdhs yé]low-coldred
liquid. TLC examihation revealed one major compound. This wés isoiéted by
chromatogkaphy on a silica gel column. Bis benzi1l (4.§ g) wgs obtaihedvin‘
~ 90% pur1ty | | ” -

Preparation of ol1gomers derived from

A solution of bis benzil (3.99 g, 7.6 mmol) in m-cresol (35 m1) was stirred
and heated at 110°C (béth). A solution of 3,3'-dfaminobeniidine (812 mg, 3.8
mmol; note -- Celanese DAB was used without purification) in m-cresol (30 ml)
was added dropwise to the bis benzil solution over a period of 50 min. An
additional 10 m1}of m-cresol was used to Eihse the addition-funnel and this
was added over 5 min. Reaction m1xture was st1rred and heated for 3 hr.

Solid bromodiam1ne (1. 42 g, 7.6 mmo]) was added in one 1ot and st1rr1ng and
heating cont1nued for 3 hr. After cooling, rea¢t1pn mixture was poured into
methanolic sodium hydroxide solution (250 mi of’20% NaOH in 350 m1 of methanol).
The precipitated solid wés fi]tered; washed with methanol, and dried (5.4 g).
Thfs was subsequently phrified by fwo preciﬁitations,from tetrahydrofuran and

" methanol; 3.2 g, m.p. 185-187°C (softening around 180°C).
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Ethynylation of the above dibromoquinoxaline oligomeric mixture.

A mixture of dibromoquinoxaline oligomeric mixturem(4.32»g), triphenylphosph-
ine (546 mg), copper jodide (109 mg), palladium acetate (27 mg) in‘dry |
pyridine (50 m1) Was stirfed and heated_(batﬁ temp. 110-1]6°C)."Aftef’few
minutes, freshly dist111ed 2¥methy1-3-butyn-2—o1 (1.45 g, 17.2 mmol) was

added through the condenser and rinsed down with pyridine (5 ml). After
heating and stirrihg overnight (21 hr), the cooled reaction mixture was_poured
into methanol (800 m1). The solid was filtered, washed with water and methanol.
As there was only very little incorporation (by NMR) of the acetyienic moiety
viz., 2-methyl-3-butyn-2-01, ethynylation step was repeated on the above solid
using the same quantities of reagents as above. This time, howeyer, bath fém-
perature was raised to 130-132°C. After 24 hr of reflux (note -- ethynylation
was complete at this stage because further reflux does not improve incorpora-
tion of acetylenic moiety (by NMR)), reaction was worked up as before. 3.97 g
of a solid was obtained.

Anal. Calcd. for Cyo2H70NsO,: C, 85.08; H, 4f91; N, 7.78

Found: , , C, 75.78; H, 3.94; N, 7.82
Hs
Deprotection step ~~~Lz(-(OH —>> ~—~~L=CH
, e ‘

Product obtained in the previous step (3.37 g) was diséoTvedvin AR CHC]s ‘
(110 m]).' Ethy]enediamine‘(ld ml) was added. Affer heating at 64°C (bath)
for 2 hr, reaction mixture was cooied"and washed with distilled water.ti11
free of ethylenédiamine. Drying the chloroform layer bver énhydroﬁs sodium
su]fafe and subsequent removal of ch1or6f6rm gave a brown solid (3.1 g). Thié
solid was dis§o1ved‘in dioxane (75 m1). Powdered sodium'hydroxide (1 g) was

added followed by water (5 ml1). The reaction mixture Was stirred whi]es]ow]y
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distilling off dioxane (110-1150,_bath),‘ When about 20 ml of -dioxane re-
mained to be distilled, more dioxane was added to the orjginaT volume.. This
process of addition of dioxane and its subsequent boil down was repeated 5
times. .Reéction mixfure was then filtered hot. Filtrate was collected and
evaporated to a small volume (4-5 m1). Methanol (35 m1) was added. The
precipitated sp]id‘was fi];ered} washed with methano], and dried (1.6 g). .

This was purified by precipitation from tetrahydrofuran and methanol (1.1 g).

Reaction of bis benzil with bromppheny]enediamine and 2-methyl-3-

but¥n-2-o] | 8 9

(b) "

(c)\ NaOH

OO YL

a) Treatment of bis benzil with bromodiamine

A mixture of bis benzil (935 mg, 1.8 mmol) and bromodiamine (665 mg,
3.6 mmol1) in m-cresol was refluxed (bath temp., 105-110°C) overnight (12 hr).
After cooling to room temperature, reaction mixture was poured into methanolic
sodium hydroxide (80 ml onZO% sodium hydroxide.in 100 m1 methanol). The solid

was filtered, washed with methanol, and dried. It was purified once by
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‘precipitation from tetrahydrofuran and methanol to give 600 mg of the'pro-
duct, m.p. ~ 114-118°C (softening around 110°C).
b) Ethynylation step | |
- Product obtained in the previous step (600 mg) was dissolved in
dry pyridine (10 m1). Triphenylphosphine (75.9 mg), copper iodide (20 mg),
and palladium acetate (5 mg) were then added followed by 2-methyl-3-butyn-’
2-01 (467 mg, 5.6 mmol, large excess). Reaction mixture was stirred and
refluxed at 130-136°C (bath) for 40 hr. Pyridine was removed under reduced
pressure and the residue was dissolved in chloroform. Chloroform extract
was washed with water. After drying over anhydrous sodium sulfate, SO]vent
was removed to giVe dark solid product.
é) Deprotection step
Ethynylated product obtained above was dissolved in chloroform
(25 m1), and ethylenediamine (1.5 m1) was added. After heating at 60°C
(bath) for 2 hr, the reaction mixture was cooled and washed with water till
free of ethylenediamine. Chloroform layer was dried over anhydrous sodium
sulfate. Removal of chloroform gave a brown residue. This was dissolved
in dioxane (50 m1). Powdered sodium hydroxide (250 mg) was added followed
by addition of water (1 m1). Dioxane was slowly distilled off until about
15 m1 remained. More dioxane was added to the original volume. This process
of addition of dioxane and its subsequent boil down was repeated four times.
The hot solution was filtered and the filtrate concentrated to a small volume
(~ 2 m1). Methanol (15 m1) was added. The yellow solid that precipitated
was filtered off (383 mg). This was purified by precipitation from tetra-

hydrofuran and methanol to give a yellow powdery solid (127 mg). |
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Sodium dithionite reduction of 4-(3'-nitro-4'-aminophenyl)-2-

methy1-3-butyn-2-01 to the corresponding diamino compound.

e
.

N ?Ha S
.4>_ C C—?—CHs L

A mixture of sodium dithionite (18.4 g, 106 mmol) and water (60
ml) was heated at 65° (temp. of reaction mixture) until solution was com-
plete. Heating bath was removed, and aqueous sodium hydroxide (20 ml, 10%
solution) was added immediately followed by addition of a solution of the
nitro compound (580 mg, 2.6 mmol) in methanol (20 m1) (added in one lot).
After stirring for 1/2 hr, the reaction mixture was saturated by the addi-
tion of solid sodium chloride. The resulting slurry was stirred with
dichloromethane (50 m1) and filtered. The solid was washed twice with
dichloromethane. Fi]trate and washings were combined and dried over an-
hydrous sodium sulfate. Removal of the solvent gave an orange-brown solid,
‘10.43 g (85.8%), which was almost pure. Analytically pure sample was ob-
tained by recrystallization from ethyl acetate-hexane as a pale orange
crystal; m.p. 148-149°C; H-NMR (CDC1; and DMSO-de) § 1.50 (s, 6H),
1.98 (s, TH), 2.80-4.20 (br s, 4H), 6.64 (dd, 2H), and 7.68 (s, 1H).
Anal. Calcd. for C;3H,4N20: C, 69.43; H, 7.43; N, 14.73
Found: | C, 69.02; H, 7.22; N, 14.81
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